Abstract: This paper presents experimental and theoretical data regarding the preparation and characterization of three liquid-membrane electrodes, which have not been mentioned in the specialized literature so far. The active substances, the solutions of which in nitrobenzene formed the membranes on a graphite rod, are simple complex combinations of Cu(II) and Ni(II) ions with an organic ligand belonging to the Schiff base class: N-[2-thienylmethilidene]-2-aminoethanol (TNAHE). The Cu 2+ -selective and Ni 2+ -selective electrodes were used to determine the copper and nickel ions in aqueous solutions, both by direct potentiometry and by potentiometric titration with EDTA. They were also used for the determination of Cu 2+ and Ni 2+ ions in industrial waters by direct potentiometry.
INTRODUCTIONS
In the past few years, the development of new ion-selective electrodes for copper and nickel metal ions has been reported in the literature. Thus, in a series of previous papers, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] the possiblity of obtaining Cu 2+ and Ni 2+ selective electrodes with liquid membranes based on complex combinations of copper and nickel, having the property of being extracted in nitrobenzene, an organic solvent which is ummiscible with water. The reponse of the ion-selective electrodes to the concentration of Cu 2+ and Ni 2+ ions in solution was formally attributed to an exchange process of these metal ions between the to be analyzed aqueous solution and the membrane solution in nitrobenzene.
The system is considered to be in equilibrium when the electrochemical potentials of the Cu 2+ and Ni 2+ metal ions are equal in the two phases, while the presence of copper (nickel) ions in the aqueous phase does not affect the activity of these ions in the organic phase, from which the membrane of the electrode is constituted.
Based on this hypothesis, an expression for the membrane potential has been thermodynamically deduced:
where a M 2+ represents the activity of the Cu 2+ and Ni 2+ ions in the aqueous solution. The above mentioned hypothesis does consider the mechanism of the functioning of the electrodes, which have a Nernstian character as is shown by expression (1), and has been successfully used for elaborating potentiometric methods of the determination of copper and nickel.
EXPERIMENTAL

Materials
Analytical grade CuSO 4 , Ni(NO 3 ) 2 and nitrobenzene were supplied by Merck with a purity higher than 99 %.
Three Cu 2+ and Ni 2+ -selective electrodes with a liquid membrane were obtained and characterized. The electrodes have as a basis the simple complex combination of Ni(II) and Cu(II) with N-[2-thienylmethylidene]-2-aminoethanol (TNAHE). The ligand used 12 has the structure shown below:
The formula of the complex combinations of Cu(II) and Ni(II) with this ligand, the solutions of which in nitrobenzene constitute the membrane on a graphite rod, for the prepared electrodes are as follows:
Electrode 
Equipment
The electrodes used for the determination were made according to a previously described procedure. 10 For the potentiometric and pH measurements, a Jenway 3305 pH-meter has been used.
RESULTS AND DISCUSSIONS
The response of the electrodes to the concentration of Cu 2+ (Ni 2+ ) ions
The variations of the electromotive force of the electrochemical cells of the type (2) obtained with the three ion-selective electrodes at 25°C and an ionic strength m = 0.4 (provided with KNO 3 , which does not influence the electrode potential), as a function of M 2+ concentration are shown in Fig. 1 . The electrode potential measurements in acid solutions are greater than those in alkali solutions because in the alkali solutions, some of Cu 2+ and Ni 2+ cations are precipitated as hydroxide. The influence of pH The influence of pH on the response of the Cu 2+ and Ni 2+ -selective electrodes was studied. It was found that, unlike other types of electrodes, in the case of liquid ion-selective membrane electrodes, the membranes modify their compositions when the aqueous solutions are too acid or too alkaline. The pH of the aqueous solutions of Cu 2+ and Ni 2+ was cotrolled with a buffer solution, according to Walpole, Kolthoff and Vleeschhouwer, 13 while the determinations of the pH were made with a Jenway 3305 pH-meter, using a glass electrode and a saturated calomel electrode. It was found experimentally that pH variations in the range 5-8 for Ni 2+ (for electrode 1), 4-8.5 for Ni 2+ (electrode 2) and 4.2-8.3 for Cu 2+ (electrode 3), do not influence the membrane potential and that the linear part of the E-pH curves is a constant function of the concentration of the metal ions in the aqueous phase. The experimental results are presented in Fig. 2, curves a, b and c .
Selectivity of the electrodes
The electrodes were tested for a series of cations which can competitively participate in the ionic exchange equilibrium with the ions Cu 2+ (Ni 2+ ) in the membrane.
It was found that a series of cations only interfere if they are present in concentrations approximately 1000 times higher than the concentrations of the Cu 2+ and Ni 2+ ions. For these cations, the selectivity constants were determined using the Eisenman method. 14 From Table I it can be seen that the studied electrodes have a cationic response of 29 mV at 25°C, which corresponds to a Nernstian slope of RT/2F.
The Nerstian response was obeyed in the concentration range of 10 -1 -10 -5 M for electrode 1 and of 10 -1 -10 -6 M for electrode 2 and 3. As a result, the Cu 2+ (Ni 2+ ) -selective electrodes can be used for the potentiometric determination of copper and nickel. The direct measurements of the potential were made in solution of CuSO 4 and Ni(NO 3 ) 2 at pH 6 (electrodes 2 and 3) and 6.6 (electrode 1), using a buffer solution of acetic acid sodium acetate 0.2 M. The experimental results are presented in Table I . The dynamic response and the reproducibility of the electrodes The response characteristics of the Cu 2+ and Ni 2+ -selective electrodes was evaluated by introducing the electrodes into solutions of different concentrations of CuSO 4 and Ni(NO 3 ) 2 , usually ten times higher, and by recording the values of the potentials as a function of time.
The response times of the electrodes in dilute solutions (10 -4 -10 -6 M) were approximately two minutes, while in more concentrated solutions (10 -1 -10 -3 M), the electrode potential reaches an equilibrium value in a few seconds. The three electrodes were tested over a period of 3-5 weeks, whereby the electrode potentials changed only by ± 2 mV -± 3 mV, without any change of the slope of the electrodes (29 mV/decade of concentration).
Analytical applications
The obtained Cu 2+ and Ni 2+ -selective electrodes were used for the determination of copper and nickel ions in aqueous solutions, both by direct potentiometry and by potentiometric titration with EDTA.
For the direct determination, calibration curves were used, which were obtained through the variation of the electromotive force of the ion selecitve electrodes 1, 2 and 3 as a function of -log[M 2+ ] versus the ECS at 25°C and m = 0.4 M KNO 3 . The results are presented in Fig. 1 , in which each point represents the average values of 5 measurements.
The electrodes were also tested for potentiometric titration with EDTA. Potential rises of 122 mV for electrode 1, 146 mV for electrode 2 and 132 mV for electrode 3 were obtained. The experimental results are shown in Fig. 3 , curves a, b and c.
Determination of copper and nickel by direct potentiometry in industrial waters
Samples of water from a water cleaning station were analyzed using electrodes 1, 2 and 3. The concentrations of copper and nickel were also determined for every sample by atomic absorption spectrometry (AAS). The results of the experimental determinations are presented in Table II . Besides the value of concentration (expressed in mg . L -1 ) in Cu 2+ and Ni 2+ , potentiometrically obtained with electrodes 1, 2 and 3, the values obtained by the atomic absorption spectrometry method (AAS), both for copper and nickel, are presented. It can be observed that the values obtained by the potentiometric method are in accordance with those obtained by the AAS method, for the analyzed industrial water samples.
These results are in accordance with the values of the selectivity constants of electrodes 1, 2 and 3 Ni 2+ and Cu 2+ ions (see Table I above). To verify the advantage of using the potentiometric method with electrodes 1, 2 and 3, all the obtained experimental data were verified through the method of standard additions, the results being shown in Tables III and IV. -the selectivity of the electrodes; -the dynamic response and reproducibility of the electrodes. The study of these three electrodes proved they had primary and secondary characteristics favorable for their practical utilization in potentiometric titrations and in direct potentiometric determinations.
The electrodes have a wide linear response range to the concentration of Cu 2+ (Ni 2+ ) ions. For this reason, they are suitable for the potentiometric determination of copper and nickel ions in dilute solutions (dilutions may go down to 10 -5 M), as well as in the control of industrial waters. 
